China′s bid for the 2022 Winter Olympic Games will promote rapid development of domestic ski tourism. More than 10 provinces in the northern China list ski tourism as a new source of growth in the tourism industry. Formulating a scientific evaluation system is an important foundation for ski resort development. By referring to the conditions of existing international ski resorts, a comprehensive index system for evaluating ski resort development was developed based on natural factors, human factors, athletic sports, and popular ski tourism. The system was composed of one target layer, two indices, seven sub-indices and twenty-five basic indices. Based on data collected during a field investigation in 2012 and on a statistical model, the development conditions of the following ski resorts were quantified: Yabuli Ski Silk Road International Ski Resorts were 0.304, 0.278, 0.270, 0.214, and -0.025, respectively. Various natural and human factors exert positive and negative effects on the development potential of ski resorts. The development conditions of the five ski resorts were inferior to those of first-class international resorts. Therefore, the development conditions of the five ski resorts should be improved with future construction.
Introduction
In the early stages of its development, skiing was introduced in the northern Europe, e.g., Norway and Sweden. In the middle of the 19th century, skiing developed into a popular tourist activity that satisfied social and cultural needs and combined sport, recreation, and athletic endeavors. Following more than 100 years of development, ski tourism has become a major industry in many countries endowed with rich snow resources, and the scale of the skiing industry has increased rapidly.
In 2014, there were 2130 outdoor ski resorts with more than four lifts in 70 countries. Among these, 35% were in the European Alps, 21% in the Americas, 19% in East Asia and on the west coast of the Pacific, 13% in other regions of Europe outside of the Alps and Eastern Europe, and 12% in Eastern Europe and Central Asia. Total tourist arrivals numbered 3.3 × 10 8 (Laurent, 2015) . Since the 1990s, China has become one of the most rapidly developing countries in terms of hosting a ski tourism industry. By 2014, 350 ski resorts with more than one ski run had been built in China. Among them, 402 Chinese Geographical Science 2016 Vol. 26 No. 3 Heilongjiang, Jilin, Beijing, Hebei, Xinjiang, Liaoning, Shandong, Shanxi, Inner Mongolia, and Henan had more than 13 outdoor ski resorts each, and the total number of ski resorts in these 10 regions accounted for approximately 83% of the total in China. Ski resorts in Shaanxi, Ningxia, Tianjin, Gansu, and Qinghai represented 7% of the total in China.
There were seventy-seven ski resorts with more than four lifts (including rope tows, gondolas, and magic carpet lifts). These ski resorts represent a high level of development and are primarily located in the northern China. Among these, more than 10 resorts supported both ski tourism and other sports, and their terrain, snowfall, runs, lifts, other tourist facilities, and operation and management reached the upper levels of international ski resorts. For example, Yabuli Ski Resort in Heilongjiang Province and Beidahu Ski Resort in Jilin Province have hosted the Asian Winter Games and National Winter Games on numerous occasions. Wanlong Ski Resort in Hebei Province, Nanshan Ski Resort in Beijing, and Silk Road International Ski Resort in Uygur Autonomous Region of Xinjiang have held multiple international events run by the International Ski Federation and have gained a measure of popularity in the world (Li, 2004; Zhang and Yang, 2007) . However, currently, the planning and construction of ski resorts in the northern China lack unified standards, and there are large variations in planning and construction standards among ski resorts. Although the locations, layouts, and construction of ski resorts were designed by experts, the conditions of their runs has lagged behind those of international ski resorts due to limitations in their vertical drops, slope gradients, slope aspects, snowfall amounts and snow retention times.
With the preparations for bidding for the 2022 Winter Olympics in China, more than 10 provinces in the northern China have regarded winter ski tourism as a new source of growth in tourism (Yang et al., 2015) . The construction of ski resorts will be introduced rapidly. For this reason, this study drew on the experience of international ski resort construction based on comprehensive indices of natural factors and human factors at ski resorts combined with the development of sports and mass ski tourism. The paper provides a comprehensive evaluation index of ski resorts based on quantitative and qualitative indicators to assess the development level of well-known ski resorts in the northern China. This research is intended to guide action for the internationalization and standardized development of ski resorts in China.
Materials and Methods

Development of an evaluation index system
Currently, the focus of research into the development conditions of ski resorts worldwide has gradually shifted from evaluating natural factors in ski resort construction to a comprehensive evaluation of natural and human factors. In the 1970s, the Bureau of Land Management in the USA proposed a method of evaluating ski resorts based on technical indices including snowfall duration, snow quality and depth, elevation, slope, wind, and temperature (Bao and Chu, 2001) . However, these indices were mainly concerned with natural factors affecting ski resort construction and neglected human factors. Climate conditions, including snowfall amounts and depths and winter temperature variations have become research topics in the evaluation of development conditions of ski resorts (Perer, 1994; Elsasser and Bürki, 2002; Bicknell and Mcmanus, 2006; Scott et al., 2008; Beyazit and Koc, 2010; Toeglhofer et al., 2011; Landauer et al., 2012 , Pons-Pons et al., 2012 Dawson and Scott, 2013) . For example, the development conditions of ski resorts were assessed by considering the effects of elevation, slope, and climate change on the temperature, snowfall amount and period, and humidity on ski resorts (Uhlmann et al., 2009 ). In addition, snowmaking facilities have been used to improve the capability of ski resorts to cope with climate change (Han and Han, 2001; Daniel et al., 2008; Steiger and Mayer, 2008; Rixen et al., 2011; Pons-Pons, 2012; Berghammer et al., 2014) . The water quality in artificial snow, the air quality, and soil and vegetation conditions are also important factors affecting the development of ski resorts (Catherine et al., 2003; Kubota and Shimano, 2010; Caskey, 2011; Ratko et al., 2012) . With increasing demands for comfort from skiers, scholars have begun to emphasize human factors affecting the development of ski resorts, including ski resort operation (Andrew, 1998; David and Alphonse, 1998; Pintar et al., 2009 ), local cultures (Landauer et al., 2014 , traffic and the environment (Sanjay, 2002; Du, 2012; Li, 2015) and event tourism (Getz, 2008; Zhang and Yang, 2014; Li, 2015) . These achievements have effectively guided the construction
